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© An optical pickup device for focusing an irradiat- 
ing ray from a light emitting element on a recording 
medium and letting a reflected ray reflected from 
this recording medium focus on a light receiving 
-element is characterized in comprising a diffracting 
element disposed before the light emitting element 
and the light receiving element, at least a first dif- 
fraction region included in the diffracting element for 
separating the irradiating ray from the light emitting 
element into a main beam and sub-beams shifted 
from the main beam in a direction perpendicular to a 
track direction of the track where the main beam is 
focused, a second diffraction region included in the 
diffracting element for directing a reflected ray of the 
main beam reflected from the recording medium 
onto a main light receiving element and directing 
reflected rays of the sub-beams onto sub-light re- 
ceiving elements, and an arithmetic circuit for de- 
tecting a tilt error signal showing the sub-beam's 
focusing condition according to the output of the 
sub-light receiving elements, whereby an optical pic- 
kup device does not require installment of any sepa- 
rate tilt sensor for detection of a tilt signal, and also 
enables prevention of increasing the number of com- 
ponents and the increase of cost as a result of 
increased assembly steps and/or the required man- 
hours. 



FIG. 1 
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OPTICAL PICKUP DEVICE 



FIELD OF THE INVENTION 



The present invention relates to an optical pic- 
kup device used in CD (compact disk) player and 
an optical video disk device. 



BACKGROUND OF THE INVENTION 



whereby the tracking error signal TE is detectable. 
TE = (Sc + Sd) - (Sa + Sb) 

The reproduced information signal RF is de- 
tectable by adding all the output signals Sa-Sd, 
s using the addition circuits 20, 21 and the other 
addition circuit 23, according to the following for- 
mula. 

RF = Sa + Sb + Sc + Sd 



w 



ii) Tilting mechanism of an optical pickup device 



i) Outline of an optical pickup device 

As to an optical pickup device used in a CD 
player or the like, a technique of utilizing a diffract- 
ing element (hologram element) for reducing the 
number of parts comprising the optics has hitherto 
been developed. 

An optical pickup device of this kind is shown 
in Figs. 10 and 11. 

As shown in Fig. 10, a laser beam emitted from 
a light emitting element 11 first passes through a 
diffracting element 12. A Oth-order diffracted ray 
having passed through a diffracting element 12 is 
focused on a disk 15 through a collimator lens 13 
and an objective lens 14. 

Then, a reflected ray from this disk 15 passes 
the diffracting element 12 in the opposite direction 
through the objective lens 14 and the collimator 
lens 13. The diffracting element 12 is divided into 
diffraction regions 12a, 12b being different in dif- 
fraction angle by a parting line along a track direc- 
tion, as shown in Fig. 10. Hence, a 1st-order dif- 
fracted ray diffracted in the diffraction region 12a is 
focused on a light receiving elements 16a and 16b. 
On the other hand, a 1st-order ray diffracted in the 
diffraction region 12b is focused on light receiving 
elements 16c, 16d. 

Individual output signals Sa-Sd from these light 
receiving elements 16a-16d are respectively con- 
verted into a focusing error signal FE, a tracking 
error signal TE and a reproduced information signal 
RF by means of an arithmetic circuit shown in Fig. 
11. The arithmetic operation represented by the 
following formula, according to a kind of knife edge 
method, is performed on the output signals Sa-Sd 
using addition circuits 17, 18 and a subtraction 
circuit 19 whereby the focusing error signal FE is 
detectable. 

FE = (Sb + Sc) - (Sa + Sd) 

The arithmetic operation represented by the 
following formula, according to a push-pull method, 
is performed on the output signals Sa-Sd using 
addition circuits 20, 21 and a subtration circuit 22 



The aforementioned optical pickup device, 
however, has its disk 15, for instance, warped so 

75 that, if an incident optical beam does not hit the 
disk surface vertically, it results in coma-aberration 
occured in a beam spot on the disk surface, there- 
by being likely to give cause for cross-talk from the 
adjacent tracks. With such an optical pickup de- 

20 vice, therefore, it is necessary to provide a tilting 
mechanism for tilt angle adjustment according to 
an inclination of the disk surface for compensation 
thereof so that the optical beam is always incident 
upon the surface of the disk 15 vetically, even if 

25 the disk 15 is warped. 

In the case that a tilt angle is to be adjusted by 
means of the tilting mechanism, it has hitherto 
been a usual practice to provide the tip of the 
optical pickup device with a tilt sensor 24 as shown 

30 in Figs. 12(a) and (b) whereby the tilt of the disk 
surface has been detected. 

This tilt sensor 24 is made up of a light emit- 
ting element 25 and a pair of light receiving ele- 
ments 26a, 26b. The light emitting element 25 is so 

35 arranged that an irradiating ray therefrom is emitted 
toward the disk 15, while the light receiving ele- 
ments 26a, 26b are disposed on both sides of the 
light emitting element 25 in a radial direction with 
regard to the disk 15. 

40 In this arrangement, as shown in Fig. 12(a), 

when the disk 15 is warped upward as being radi- 
ally outward, an irradiating ray from the light emit- 
ting element 25 is reflected by the disk 15 outward 
and the quantity of received ray of the outer light 

45 receiving element 26b is larger than that of the 
inner light receiving element 26a. Also, as shown in 
Fig. 12(b), when the disk 15 is warped downward 
as being radially outward, an irradiating ray from 
the light emitting element 25 is reflected by the 

so disk 15 inward so that the quantity of received ray 
of the inner light receiving element 26a is larger 
than that of the outer light receiving element 26b. 
Hence, when the outputs from the light receiving 
elements 26a, 26b are entered into a subtraction 
circuit 27, shown in Fig. 13, a tilt error signal in 
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accordance with an inclination of the disk surface is 
obtainable. 

However, providing the tilt sensor 24 indepen- 
dent of the optical pickup device as mentioned 
above means increasing the number of parts of the 
device. Also, it is necessary to do initial adjustment 
so that the tilt error signal released from the sub- 
traction circuit 27 with respect to a warp-free and 
flat reference disk becomes "0", this results in an 
increased assembly man-hours of the product. 

Thus, a conventional optical pickup device has 
to be provided with an independent tilt sensor 24 
for adjustment of tilt angle, and this meant an 
increased number of parts and necessity of initial 
adjustment, and these are naturally accompanied 
by cost increase of the product. 



SUMMARY OF THE INVENTION 



It is an object of the present invention to pro- 
vide an optical pickup device designed to be ca- 
pable of detecting a tilt error caused by warping et 
cetera of a recording medium. 

Another object of the present invention is to 
provide an optical pickup device designed to be 
capable of detecting a tilt error caused by warping 
et cetera of a recording medium without providing 
a separate tilt sensor so as to prevent increase of 
the manufacturing cost due to an increased num- 
ber of constituent parts and increase of the assem- 
bly man-hours for initial adjustment. 

In order to accomplish the aforesaid objects, an 
optical pickup device of the present invention is 
designed to focus an irradiating ray emitted from a 
light emitting element onto a recording medium, 
and focus a reflected ray reflected from the record- 
ing medium onto light receiving elements. In front 
of the light emitting element and the light receiving 
elements there is disposed a diffracting element, 
and in this diffracting element are included at least 
a first diffraction region for dividing the irradiating 
ray emitted from the light emitting element into a 
main beam and sub-beams shifted from the main 
beam in a direction perpendicular to a track direc- 
tion of the track where the main beam is irradiated 
and a second diffraction region where a reflected 
ray of the main beam from the recording medium 
is caused to be irradiated onto a main light receiv- 
ing element and at the same time reflected rays of 
the sub-beams are caused to be irradiated onto 
sub-light receiving elements, and the optical pickup 
device of the present invention is characterized in 
comprising an arithmetic circuit for detecting a tilt 
error signal showing a focusing condition of the 
sub-beams according to the output of the afore- 
mentioned sub-light receiving elements. 



In the aforementioned construction, the irradiat- 
ing ray emitted from the light emitting element 
passes through the diffracting element. Main 
beams which are among the diffracted rays having 
5 passed through the diffracting element are focused 
on the recording medium (The aforesaid rays in- 
clude the Oth-order diffracted rays. The same shall 
apply hereinafter). These main beams may be nor- 
mally any of all Oth-order diffracted rays which 
io have respectively passed through the diffraction 
regions, in order to ensure against the difference in 
quantity of light according to the respective diffrac- 
tion regions where the diffracted rays have passed 
through, it is so arranged that the Oth-order diffrac- 
ts tion efficiencies in the individual regions are as 
equal as possible. These main beams are for re- 
producing the information stored in the recording 
medium, at the same time are for detecting a 
focusing error signal by the knife edge method of 
20 the astigmatism method or the like. These main 
beams may also be applicable for detection of a 
tracking error signal by the push-pull method et 
cetera. 

Also, of the diffracted rays having passed the 
25 first diffraction region of the diffracting element, the 
diffracted rays other than the aforementioned main 
beams constitute sub-beams and are focused on a 
position shifted from the main beam in a direction 
perpendicular to. the track direction of the track 
30 where the main beam is irradiated on the recording 
medium. When a Oth-order diffracted ray is adopt- 
ed as a main beam, it is proper to use ± 1st-order 
diffracted rays as these sub-beams. 

When the tracking error signal is detected by 
35 the 3-spot method, it may as well be possible to 
provide a third diffraction region in the diffraction 
element, in which tracking error detection sub- 
beams shifted back and forth from the main beam 
in a track direction of the track where the main 
40 beams are irradiated are separated. 

The reflected rays of the main beams reflected 
from the recording medium pass through the sec- 
ond diffraction region and the diffracted rays there- 
from are irradiated onto a main light receiving 
45 element The reflected rays of the sub-beams pass 
through this second diffraction region and the dif- 
fracted rays are caused to be irradiated onto a 
second light receiving element. Since the optical 
axes of these reflected rays are inclined each oth- 
so . er, the same diffracted ray in the second diffraction 
region can be utilized. When the main beams con- 
sist of the Oth-order diffracted rays from the dif- 
fracting element, it means that as these reflected 
rays the diffracted rays other than the Oth-order 
5S diffracted rays are utilized. In this case, if the 
second diffraction region is provided with a blaze 
property so that a luminous intensity of, for in- 
stance, the -Mst-order diffracted ray alone is 
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raised, a sufficient sensitivity may be secured even 
when only one diffracted ray is to be utilized. 

The main light receiving element is divided into 
2 or 4 light receiving regions when a focusing error 
signal is to be detected by the knife edge method 
or the astigmatism- method. A reproduced informa- 
tion signal can be obtained by adding all of the 
respective outputs from these light receiving re- 
gions. A focusing error signal is obtainable by 
performing arithmetic operations on the outputs 
from these light receiving regions according to the 
respective formulae. The same performance ap- 
plies to* the case where a tracking error signal is 
detected by the push-pull method. When a tracking 
error signal is to be detected by the 3-spot meth- 
od, the aforementioned tracking error detection 
sub-beams having passed through the second dif- 
fraction region are arranged to be focused ontpi^ 
tracking error detection sub-light, receiving ele- 
ments disposed before and after the main light 
receiving element along a track direction. 

The sub-light receiving elements are normally 
disposed before and after the main light receiving 
element along a direction perpendicular to the track 
direction. When the knife edge method is em- 
ployed, a light receiving area of the sub-light re- 
ceiving element is divided by a parting line along 
the border line of the second diffraction region. 
Hence, if the difference between outputs from 
these light receiving regions is determined, it is 
possible to detect a focusing condition of the sub- ^ 
beams. This focusing condition of the sub-beams is " 
indicating an inclination in a direction perpendicular 
to the track direction of the recording medium 
when the. main-beams are in focus on the recording 35 
medium. 

Hence, in the case of an optical disk, for in- 
stance, it means that an inclination in a radial 
direction caused by warp and the like, whereby it is 
possible to obtain a tilt error signal. This tilt error 40 
signal is sent to a tilting mechanism whereby 
through adjustment of the tilt angle of the optical 
pickup device the main beams are always so ad- 
justed to be focused the recording medium verti- 
cally. 45 

When the sub-beams are composed of two 
beams on both sides of the main beams as in the 
case where, for instance, ± 1 st-order diffracted rays 
of the aforementioned first diffraction region are 
utilized as sub-beams the outputs from the respec- so 
tive light receiving regions of the two sub-light 
receiving elements disposed in two positions are 
added alternately and then the difference between 
these results is determined, whereby an inclination 
of the recording medium is detectable even when ss 
the main beam is out of focus. If the main beams 
should always be in focus, detection is possibly 
feasible by means of one sub-beam, and it is also 



possible to use the focusing error signal by means 
of the main beam instead of the other sub-beam. In 
this case, the first diffraction region is provided with 
a blaze property thereby to increase the luminous 
5 intensity of the diffracted ray as a sub-beam, 
whereby it is possible to ensure an enough detec- 
tion sensitivity even with a single sub-beam. 

Also, since this tilt error signal is to be de- 
tected by the focusing condition of the sub-beams, 
70 it is also possible to be detected not only by the 
knife edge method but also by some other focusing 
error signal detection means. In such a case, it is 
convenient to use a method of the same principle 
as the focusing error signal detection means and, 
rs for instance, when the astigmatism method is used, 
5 4it is advisable to utilize the property of a cylindrical 
^Jehs imparted to the second diffraction region for 
the reflected rays of the main beams. By the way, 
this diffracting element may further be provided 
20 with the properties of a condensing lens for con- 
densing reflected rays and irradiating rays. 



BRIEF DESCRIPTION OF THE DRAWINGS 



Figs. 1 through 9 show an embodiment of 
the present invention, of which: 

.^r^gf 1 is a perspective view showing the 
30 c^nsmlction of an optical pickup device; 

Fig. 2(a) is a front view of the optical pickup 
device showing the optical path of an irradiated ray 
from a light emitting element thereof; 

Fig. 2(b) is a front view of the optical pickup 
device showing the optical path of a" reflected ray 
from a disk; 

Fig. 3(a) is a side view of the optical pickup 
device showing the optical path of the irradiated 
ray from the light emitting element thereof; 

Fig. 3(b) is a side view of the optical pickup 
device showing the optical path of the reflected ray 
from the disk; 

Fig. 4 is a plan view of a diffracting element 
and light receiving elements; 

Fig. 5 is a block diagram showing the con- 
struction of signal detection circuits; 

Fig. 6 is a partial bottom view of the disk; 
Fig. 7(a) is a front view showing tilt error 
detection sub-beams when the disk is fiat; 

Fig. 7(b) is another front view showing the tilt 
error detection sub-beams when a peripheral por- 
tion of the disk is warped upward; 

Fig. 8 is a front view showing diagramatically 
tilt error detection sub-beams when the disk is 
inclined; 

Fig. 9 is a plan view showing another con- 
struction of the diffracting element. 

Figs. 10 through 13 are given to show a 
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conventional example, of which: 

Fig. 10 is a perspective view showing the 
construction of an optical pickup device using a 
diffracting element; 

Fig. 1 1 is a block diagram showing the con- 
struction of signal detection circuits; 

Fig. 12 shows the tiit sensor, of which Fig. 
12(a) is a front view of the essential parts when the 
peripheral portion of a disk is warped upward, and 
Fig. 12(b) is a front view of the essential parts 
when the peripheral portion of a disk is warped 
downward; and 

Fig. 13 is a block diagram showing the con- 
struction of a tilt error signal detection circuit. 

DESCRIPTION OF THE EMBODIMENTS 

A preferred embodiment of the present inven- 
tion is described below under reference to Figs. 1 
through 9. 

4 

i) Construction of a preferred embodiment 

This embodiment relates to an optical pickup 
device such as a CD player and the like. 

As shown in Fig. 1 . there are disposed before a 
light emitting element 1 of an optical pickup device, 
. a diffracting element 2, a collimator lens 3 and an 
objective lens 4, and a laser beam emitted from 
this light emitting element 1 is caused as an irra- 
diating ray to be focused on a disk 5 as a record- 
ing medium. 

A diffraction area of the diffracting element 2 is 
divided into two regions along a radial direction of 
the disk 5, and on either thereof is formed a 
second diffraction region 2b. Another divided re- 
gion is further divided into two regions along a 
track direction of the disk 5 to form a first diffrac- 
tion region 2a and a third diffraction region 2c 
respectively. 

The collimator lens 3 is a lens for making 
parallel irradiated rays from the light emitting ele- 
ment 1 having passed through the diffracting ele- 
ment 2. The objective lens 4 is a lens for focusing 
these rays on the disk 5. These lenses 3 and 4 are 
so designed that the irradiating rays having been 
reflected by the disk 5 are again led into the 
diffracting element 2. 

On one side adjacent to the light emitting ele- 
ment 1 in a radial direction are disposed light 
receiving elements 6a-6e. These light receiving 
elements 6a-6e are disposed with a main light 
receiving element 6a at the center, tilt error detec- 
tion sub-light receiving elements 6b, 6c on the 
inner peripheral side and the outer peripheral side 
in a radial direction, and tracking error detection 



sub-light receiving elements 6d, 6e before and 
after the main light receiving element 6a along a 
track direction. And the aforementioned reflected 
rays are focused on the light receiving elements 
s 6a-6e through the diffracting element 2. 

A diffraction grating is formed in the aforemen- 
tioned diffraction region 2a of the diffracting ele- 
ment 2, as seen from Fig. 2(a). so that a irradiated 
ray A from the light emitting element 1 is divided 
10 into a Oth-order diffracted ray A 0o , and ±1st-order 
diffracted rays A +1a , A. 1a . shifted before and after 
from Oth-order diffracted ray A 0a along a radial 
direction. The 1st-order diffracted rays A+i a . A. u 
diffracted in the first diffraction region 2a serves as 
75 tilt error detection sub-beams A* la , A. 1a , for detect- 
ing the tilt of the disk 5. In this first diffraction 
region 2a the other diffracted rays of the irradiated 
ray A and alf transmitting rays of reflected rays B 
are not utilized. 
20 The third diffraction region 2c, as seen from 

Fig. 3(a), has formed therein a diffraction grating 
for dividing the irradiated ray A from the emitting 
element 1 into a Oth-order diffracted ray A 0c and ± 
ist-order diffracted rays A +lc . A. 1c shifted before 
25 and after from the Oth-order diffracted ray A 0c along 
a track direction. These ± ist-order diffracted rays 
A + ic, A. 1c are converted by a 3-beam method into 
tracking error detection sub-beams A*i c , A. 1c for 
detecting the tracking error. By the way, in this 
30 third diffraction region 2c the other diffracted rays 
of the irradiated ray A and all transmitting rays of 
the reflected rays B are not utilized. 

The second diffraction region 2b has formed 
therein a diffraction grating to be described below 
3$ and in this region a Oth-order diffracted ray A 0b of 
the irradiated ray A is only utilized as shown in Rg. 
3(a). And the aforementioned Oth-order diffracted 
ray A 0a in the first diffraction region 2a, the Oth- 
order diffracted ray 0c in the third diffraction region 
40 2c and this Oth-order diffracted ray A 0b in the 
second diffraction region 2b constitute main beams 
A 0 for reproducing recorded information in the disk 
5 as well as for detecting the focusing error. For 
this reason the Oth-order diffraction efficiencies in 
45 the individual regions 2a, 2b, 2c are arranged to be 
as equal as possible so that the luminous intensity 
distribution of the main beam Ao becomes to be 
symmetric. 

This second diffraction region 2b is designed 
so wherein such a diffraction grating is formed therein 
so that +1st-order diffracted rays of the reflected 
rays B are irradiated on each light receiving ele- 
ments 6a-6e. Since the reflected rays B are com- 
posed of the Oth-order diffracted rays and the itst- 
55 order diffracted rays in the individual diffraction 
regions 2a, 2b and 2c, each ray of the reflected 
rays B has a different optical axis. Hence, as 
shown in Fig. 2(b), the reflected rays B + i a , B. 1a of 



0357323A2 \ > 



9 



EP 0 357 323 A2 



10 



the tilt error detection sub-beams A* 1a , A. lB are 
irradiated on the tilt error detection sub-light receiv- 
ing elements 6c, 6b respectively. Also, as shown in 
Fig. 3(b), the reflected rays B* 1c> B. 1c of the track- 
ing error detection sub-beams A* lc , B., c A. 1c are 
irradiated on the tracking error detection sub-light 
receiving elements 6e, 6d. Further, as shown in 
Rg. 2(b) and Fig. 3(b). it is so arranged that the 
reflected rays B 0 of the main beams Ao are irradi- 
ated on the main light receiving element 6a. By the 
way. any diffracted rays of the reflected rays B 
except ±1 -order diffracted rays are not utilized in 
this second diffraction region 2b. 

The aforementioned main light receiving ele- 
ment 6a. as shown in Fig. 4, has its light receiving 
area divided into two regions along a radial direc- 
tion, and it is arranged that the reflected rays B 0 of 
the main beams A 0 diffracted in the second diffrac- 
tion region 2b are focused on the center of this 
parting line. And, since this second diffraction re- 
gion 2b is to divide the reflected rays B 0 along a 
radial direction, it is possible to detect the focusing 
error signal FE by determining, according to a kind 
of knife edge method, the difference between out- 
put signals released from both light receiving 
areas. Also, by adding signals released from both 
light receiving areas, it is possible to get the repro- 
duced information signal RF. 

Like the main light receiving element 6a, the tilt 
error detection sub-light receiving elements 6c, 6b, 
also have their light receiving areas divided into 
two regions along a radial direction respectively, 
and it is arranged so that on the center of this 
parting line are respectively focused the reflected 
rays B«. 1a , B. 1a of the tilt error detection sub-beam 
A*, a , A. 1a diffracted in the second diffraction region 
2b. Hence, the differences of the output signals 
from both light receiving regions of each tilt error 
detection sub-light receiving elements 6c. 6b is 
determined, whereby it is possible to detect the 
focusing conditions on the disk 5 of the tilt error 
detection sub-beams A* 1a , A. 1a respectively, as in 
the case of the main light receiving element 6a. 
Further by determining the difference between 
them, it is possible to detect the tilt between two 
points on the disk 5. where the tilt error detection 
sub-beams A. 1a , A., a are irradiated . as a tilt error 
signal TLE. 

The tracking error detection sub-light receiving 
elements 6e. 6d have each one light receiving 
area, and it is so designed that each reflected ray 
B-ic. B. 1c of the tracking error detection sub-beam 
A*ie. A. 1e , diffracted in the second diffraction re- 
gion 2b. is focused thereon. These tracking error 
detection sub-beams A* 1c , A., e are shifted back 
and forth from the main beams Ao along a track 
direction of the track where the main beams Ao are 
focused, and besides they are slightly shifted in- 



ward and outward along a radial direction respec- 
tively. Hence, if the difference between the outputs 
released from both tracking error detection sub- 
light receiving elements 6d. 6e is determined, ac- 
5 cording to 3-beam method, it is possible to detect 
a tracking error signal THE. 

The outputs released from the aforementioned 
individual light receiving elements 6a-6e are so 
designed as to be entered into signal detection 
iQ circuits shown in Fig. 5. These signal detection 
circuits are composed of one addition circuit 7 and 
three subtraction circuits 8-10. And the aforemen- 
tioned reproduced information signal RF is detect- 
able by performing an arithmetic operation with the 
is following formula by means of an addition circuit 7 
on output signals Sa„. Sa u released from both light 
receiving regions of the main light receiving ele- 
ment 6a. 

RF = Sa R + Sa L 
20 The focusing error signal FE is detectable by 

performing an arithmetic operation with the follow- 
ing formula by means of an subtraction circuit 8 on 
these output signals Sa R . Sa L . 
FE = Sa R - Sat 
25 Further, the tracking error signal TRE is detect- 

able by performing an arithmetic operation with the 
following formula by means of an subtraction circuit 
9 on output signals Sd. Se released from the 
tracking error detection sub-light receiving ele- 
30 ments 6d, 6e. 
TRE = Sd - Se 

The tilt error signal TLE is detectable by alter- 
natively adding output signals Sb„, Sb L and Sc„ 
Sc t released from the tilt error detection sub-light 
35 receiving elements 6b, 6c and after that subtracting 
by means of a subtraction circuit 10. and con- 
sequently the tilt error signal TLE is detected by 
performing an arithmetic operation with the follow- 
ing formula. 
40 TLE = (Sb„ - Sb L ) - (Sc R - Scj 



ii) Action of a preferred embodiment 



"5 The action of an optical pickup device having 

the aforementioned construction is described be- 
low. 

An irradiated ray A from a light emitting ele- 
ment 1 first passes through a diffracting element 2 
so And. as shown in Fig. 2(a) and Fig. 3(a), Oth-order 
diffracted rays Ao a , Ao b . Ao c having passed through 
all diffraction regions 2a. 2b. 2c of the diffracting 
element 2 are focused on a disk 5 as main beams 
Ao. Also, as shown in Rg. 2(a). ±1st-order dif- 
55 fracted rays A. 1a , A. )a diffracted in the first diffrac- 
tion region 2a of the diffracting element 2 are 
focused, as 2-directional tilt error detection sub- 
beams A, 1a , A. la . shifted back and forth along a 
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radial direction with respect to the main beams Ao 
on the disk 5. Further, as shown in Fig. 3(a), ±1st- 
order diffracted rays S + i c , A. 1c diffracted in the 
third diffraction region of the diffracting element 2 
are focused as 2-directional tracking error detection 
sub-beams A+i c , A. lci shifted back and forth along 
a track direction with respect to the main beams Ao 
on the disk 5. As the result, the main beams Ao are 
focused on the center of a predetermined track 5a 
of the disk 5. The tilt error detection sub-beams 
A* lat A. ta are focused on positions shifted inward 
and outward along a radial direction with respect to 
this main beams A 0 . Further, the tracking error 
detection sub-beams A +1c , A. 1c are focused on 
positions which is shifted back and forth in a track- 
ing direction and slightly shifted inward and out- 
ward in a radial direction with respect to the main 
beams Ao. 

Then individual reflected rays B reflected on 
the disk 5, as shown in Fig. 2(b) and Fig. 3(b), are 
diffracted in the second diffraction region 2b of the 
diffracting element 2 and the ±1st-order diffracted 
rays therein are focused on light receiving ele- 
ments 6a-6e respectively. 

And output signals Sa Rt Sa L from a main light 
receiving element 6a where reflected rays Bo of the 
main beams A 0 - -are focused are added by means 
of an addition circuit 7 of signal detection circuits 
whereby the result is released as a reproduced 
information signal RF. These output signals Sa R , 
Sa L are applied to a subtraction circuit 8 to be 
subtracted thereby whereby the result is released 
as an focusing error signal FE. Output signals Sd, 
Se from tracking error detection sub-light receiving 
elements 6d, 6e where reflected rays B*i c , B., c of 
the tracking error detection sub-beams A +1c , A.i c 
are focused are applied to a subtraction circuit 9 
and the subtracted value therebetween is released 
as a tracking error signal TRE. Output signals Sb*, 
Sb L , Sc R and Sc L from tilt error detection sub-light 
receiving elements 6b. 6c where reflected rays 
B + la , B. la of the tilt error detection sub-beams 
A +1a , A. 1a are focused are added and then applied 
to a subtraction circuit 1 0 to be subtracted thereby 
and the subtracted value therebetween is released 
as a tilt error signal TLB 

How the tilt error signal TLE is detected by the 
use of this tilt error detection sub-beams A +la , A. 1a 
is described below under reference to Figs. 7 and 
8. 

As shown in Fig. 7(a), when the disk 5 is fiat, 
the tilt error detection sub-beams A + i a , A. 1a are in 
focus on positions shifted inward and outward 
along a radial direction respectively, in the con- 
dition that main beam A 0 is in focus by means of 
focusing servo according to the focusing error sig- 
nal FE. Hence, since both tilt error detection sub- 
light receiving elements 6b, 6c detect focusing 



conditions, the tilt error signal TLE according to 
difference therebetween becomes "0". And in this 
case a tilt angle of the optical pickup device is not 
adjusted. 

5 However when, as shown in Fig. 7(b). the disk 

5 is inclined upward as being toward the outer 
periphery thereof, the tilt error detection sub-beams 
A*i a , A. 1a come to be in a defocused condition 
even when the main beam Ao is in focus. As shown 

io in Fig. 8 in detail, the tilt error detection sub-beam 
A* la is in focus behind the disk 5, while the tilt 
error detection sub-beam A. 1a is in focus not on the 
disk 5 but in front thereof. Therefore, the respective 
tilt error detection sub-light receiving elements 6b. 

75 6c detect focusing errors in the opposite direction, 
whereby the tilt error signal TLE according to the 
difference therebetween has a polarity correspond- 
ing to the tilting direction of the disk 5 and a value 
proportional to the degree of tilting. And in this 

20 case the tilt angle of the optical pickup device is 
adjusted by means of a tilting mechanism (not 
shown) so that the irradiated ray A is controlled to 
be irradiated on the disk 5 perpendicularly. 

Although in this embodiment the diffracting ele- 

25 rnent 2 where a diffraction area is divided into three 
regions is used, the diffraction element 2 may have 
any number of regions in the diffraction area pro- 
vided that it includes at least a diffraction region for 
separating the tilt error detection sub-beam and 

30 another diffraction region for focusing the tilt error 
detection sub-beam on a predetermined tilt error 
detection sub-light receiving element. In Fig. 9, 
another construction of the diffraction element 2 
where a diffraction area is divided into 6 regions. 

35 Therein a fourth diffraction region 2d for focusing 
the reflected ray of the main beam on a light 
receiving element 6f for detecting reproduced in- 
formation signal is disposed between the first dif- 
fraction region 2a for separating the tilt error detec- 

40 tion sub-beam and the third diffraction region 2c for 
separating the tracking error detection sub-beam. 
Also, the second diffraction region 2b is divided 
into three diffraction regions 2bi, 2b2, 2ba for fo- 
cusing the reflected rays of the main beam, the tilt 

45 error detection sub-beam and the tracking error 
detection sub-beam on the light receiving elements 
6a-6e respectively. 

Also, in the present embodiment, two tilt error 
detection sub-beams are utilized for detection by 

so two tilt error detection sub-light receiving elements 
6b, 6c for an improved detection sensitivity. It is, 
however, possible to utilize either of the tilt error 
detection sub-beam A + la or A. 1a and tilt error de- 
tection sub-light receiving element 6b or 6c only 

55 for detection of the tilt error signal TLE, if these 
beams are focused on a position which is substan- 
tially distant from a position where the main beam 
is focused. 
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Further, in this embodiment the tracking error 
signal TRE is detected accordig to the 3-beam 
method using two tracking error detection sub- 
beams A +1CI A. lc . In this invention, however, a 
method of the tracking error signal TRE is arbitrary, 
and it is also possible to use the push-pull method 
utilizing the main beam A 0 . 

An optical pickup device of the present inven- 
tion is, as mentioned above, that an irradiating ray 
emitted from a light emitting element is caused to 
focus on a recording medium, and a reflected ray 
reflected by this recording medium is focused on a 
light receiving element. Before the light emitting 
element and the light receiving element are dis- 
posed a diffracting element, and in this diffracting 
element are included at least a first diffraction 
region for separating the irradiating ray from the 
fight emitting element into a main beam and sub- 
beams shifted from the main beam in a direction 
perpendicular to a track direction of the track where 
the main beam is focused and a second diffraction 
region which directs a reflected ray of the main 
beam reflected from the recording medium on a 
main light receiving element and irradiates reflect- 
ed rays of the sub-beams on sub-light receiving 
elements, and an arithmetic circuit for detecting the 
tilt error signal showing the focusing condition of 
the sub-beam according to the output of this sub- 
light receiving elements is provided in the optical 
pickup device. 

This enables doing detection of the tilt error 
signal without increasing the number of compo- 
nents of the optical pickup device. The initial ad- 
justment for that, too, can be done simultaneous 
with that for the optics of the optical pickup device. 

Hence, an optical pickup device according to 
the present invention does not require installment 
of any additional tilt sensor for detection of the tilt 
signal, and also enables prevention of the increas- 
ing the number of components and the increase of 
cost as a result of increased assembly steps and/or 
the required man-hours. 

The above-mentioned diffracting element may 
also be made up of a plurality of divided diffraction 
regions. 

The aforementioned diffraction region may as 
well be so formed that the Oth-order diffraction 
efficiencies of the individual diffraction regions are 
substantially equal each other so that the main 
beam's distribution of the luminous intensity is 
symmetrical. 

The aforementioned diffracting element may 
also as well comprise one of divided diffraction 
regions as a second diffraction region, a first dif- 
fraction region and a third diffraction region into 
which another diffraction region is further divided. 

The aforementioned first diffraction region may 
also comprise a diffraction grating for separating 



the irradiating ray from the light emitting element 
into a Oth-order diffracted ray and ±1st-order dif- 
fracted rays. 

The aforementioned third diffracted region may 
5 comprise a diffraction grating for separating the 
irradiating ray from the light emitting element into a 
Oth-order diffracted ray and ±1st-order diffracted 
rays shifted back and forth from the Oth-order ray 
along a track direction on a recording medium. 
to The aforementioned second diffraction region 
may as well be provided with the properties of a 
cylindrical lens. 

The aforementioned optical pickup device may 
as well comprise a diffracting element, a collimator 
is lens, an objective lens, a light receiving element 
and a light emitting element. 

The aforementioned light receiving element 
may comprise a main light receiving element and a 
plurality of sub-light receiving elements for detec- 
20 tion of a tilt error. 

The aforementioned plural sub-light receiving 
elements may as well comprise a plurality of tilt 
error detection sub-light receiving elements for de- 
tecting a tilt of the recording medium caused by a 
25 warp or the like and a plurality of tracking error 
detection sub-light receiving elements. 

The aforementioned main light-receiving ele- 
ment may as well be divided into two regions and 
so be formed that the reflected rays of the sub- 
30 beams diffracted in the second diffraction region 
are focused onto the center of the parting line. 

The aforementioned tilt error detection sub- 
light receiving element may as well be divided into 
two regions and be so formed that the reflected 
35 rays of the tilt error detection sub-beams diffracted 
in the second diffraction region are focused onto 
the center of the parting line. 

The aforementioned tracking error detection 
sub-light receiving elements may as well have one 
40 light receiving region respectively and be so 
formed that the reflected rays of the tracking error 
detection sub-beams diffracted in the second dif- 
fraction region are focused thereon. 

The aforementioned arithmetic circuit may as 
45 well comprise a subtraction circuit so that a tilt 
error signal is obtained according to the output 
signal from the tilt error detection sub-light receiv- 
ing element. 

The aforementioned diffracting element may as 
so well comprise at least a diffraction region for sepa- 
rating the tilt error detection sub-beam and a dif- 
fraction region for letting the tilt error detection 
sub-beam focus on a predetermined tilt error de- 
tection sub-light receiving element. 
55 The invention being thus described, it will be 

obvious that the same may be varied in many 
ways. Such variations are not to be regarded as a 
departure from the scope of the invention. 
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There are described above novel features 
which the skilled man will appreciate give rise to 
advantages. These are each independent aspects 
of the invention to be covered by the present 
application, irrespective of whether or not they are 
included within the scope of the following claims. 



Claims 

1. An optical pickup device for focusing an 
irradiating ray from a light emitting element on a 
recording medium and letting a reflected ray re- 
flected by this recording medium focus on a light 
receiving element comprising: 

a diffracting element disposed before said light 
emitting element and said light receiving element; 
at least a first diffraction region included in said 
diffracting element for separating said irradiating 
ray from said light emitting element into a main 
beam and sub-beams shifted from said main beam 
in a direction perpendicular to a track direction of 
the track where said main beam is focused; 
a second diffraction region included in said diffract- 
ing element for directing a reflected ray of said 
main beam reflected from said recording medium 
onto a main light receiving element and directing 
reflected rays of said sub-beams onto sub-light 
receiving elements; and 

an arithmetic circuit for detecting a tilt error signal 
showing the focusing condition of said sub-beams 
according to the output of said sub-light receiving 
elements. 

2. An optical pickup device according to claim 

1 wherein said diffracting element is divided into a 
plurality of diffraction regions. 

3. An optical pickup device according to claim 

2 wherein said diffraction region is so formed that 
Oth-order diffraction efficiencies for said individual 
diffraction regions are substantially equal so that a 
distribution of the luminous intensity of the main 
beam is symmetrical. 

4. An optical pickup device according to claim 
1 wherein said diffracting element comprises one 
of the divided diffraction regions as a second dif- 
fraction region, a first diffraction region and a third 
diffraction region into which the other divided dif- 
fraction region is further divided. 

5. An optical pickup device according to claim 
4 wherein said first diffraction region is provided 
with a diffracting grating for separating the irradiat- 
ing ray released from said light emitting element 
into a Oth-order diffracted ray and ±1st-order dif- 
fracted rays. 

6. An optical pickup device according to claim 
4 wherein said third diffraction region is provided 
with a diffracting grating for separating the irradiat- 
ing ray released from said light emitting element 



into a Oth-order diffracted ray and Ust-order dif- 
fracted rays shifted back and forth from said Oth- 
order diffracted ray along a track direction of the 
recording medium. 
5 7. An optical pickup device according to claim 

4 wherein said second diffraction region is provided 
with the properties of a cylindrical lens. 

8. An optical pickup device according to claim 
1 comprising a diffracting element, a collimator 

w lens, an objective lens, a light receiving element 
and a light emitting element 

9. An optical pickup device according to claim 
8 wherein said light receiving element comprises a 
main light receiving element and a plurality of sub- 

75 light receiving elements for detecting a tilt error 
and the like. 

10. An optical pickup according to claim 9 
wherein said plural sub-light receiving elements 
comprise a plurality of tilt error detection sub-light 

20 receiving elements for detecting a tilt of said re- 
cording medium by a warp of the like and a plural- 
ity of tracking error detection sub-light receiving 
elements. 

11. An optical pickup device according to claim 
25 9 wherein said main light receiving element is 

divided into two regions and is so formed that the 
reflected ray of said sub-beam diffracted in said 
second diffraction region is focused onto the center 
of the parting line. 

30 12. An optical pickup device according to claim 

10 wherein said tilt error detection sub-light receiv- 
ing element is divided into two regions and is so 
formed that a reflected ray of a tilt error detection 
sub-beam diffracted in said second diffraction re- 

35 gion is focused onto the center of the parting line. 

13. An optical pickup device according to claim 
10 wherein said tracking error detection sub-light 
receiving elements have one light receiving region 
respectively and be so formed that reflected rays 

40 of respective tracking error detection sub-beams 
diffracted in said second diffracting region are fo- 
cused thereon. 

14. An optical pickup device according to claim 
1 wherein said arithmetic circuit comprises a sub- 

45 traction circuit so that a tilt error signal is obtained 
according to the output signal from said tilt error 
detection sub-light receiving element. 

15. An optical pickup device according to claim 
1 wherein said arithmetic circuit comprises a signal 

so detecting circuit composed of an addition circuit 
and a subtraction circuit. 

1 6. An optical pickup device according to claim 
1 wherein said diffracting element comprises at 
least a diffraction region for separating said tilt 

55 error detection sub-beam and a diffraction region 
for letting said tilt error detection sub-beam focus 
on a predetermined tilt error detection sub-light 
receiving element. 
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17. An optica! pickup device according to claim 
1 wherein said diffracting element is provided with 
the properties of a condensing lens for condensing 
a reflected ray or an irradiating ray. 

18. An optical pickup device according to claim i 
1 wherein said diffracting element comprises a 
fourth diffracting region for focusing the reflected 

ray of said main beam on said light receiving 
element to detect a reproduced information signal, 
provided between said first diffraction region for u 
separating the tilt error detection sub-beam and 
said third diffraction region; and said second dif- 
fraction region divided into three diffraction regions, 
each region for letting the reflected rays of said 
main beam, said tilt error detection sub-beam and 75 
said tracking error detection sub-beam respectively 
focus on individual light receiving elements. 

19. An optical pickup device for reading in- 
formation formed in a track or tracks on an optical 
recording medium by focusing light from a light 20 
source onto the medium and detecting light re- 
flected from the track, wherein a diffraction element 
interposed between the light source forms a main 
beam and sub-beams shifted with respect to the 
main beam in a direction transverse to the track 25 
direction, and wherein a detector assembly in- 
cludes a main detector for receiving the reflected 
main beam and sub-detectors spaced from the 
main detector in said transverse direction for re- 
ceiving the reflected sub-beams, means being pro- 30 
vided for deriving from the outputs of sad sub- 
detectors a signal representing tilt of the medium. 
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© An optical pickup device for focusing an irradiat- 
ing ray from a light emitting element (1 ) on a record- 
ing medium (5) and letting a reflected ray reflected 
from this recording medium focus on a light receiv- 
ing element (6) is characterized in comprising a 
diffracting element (2) disposed before the light 
emitting element and the light receiving element, at 
least a first diffraction region (2a) included in the 
diffracting element for separating the irradiating ray 
from the light emitting element into a main beam 
and sub-beams shifted from the main beam in a 
direction perpendicular to a track direction of the 
track where the main beam is focused, a second 
diffraction region (2b) included in the diffracting ele- 
ment for directing a reflected ray of the main beam 
reflected from the recording medium onto a main 
light receiving element and directing reflected rays 
of the sub-beams onto sub-light receiving elements, 
and an arithmetic circuit (not shown) for detecting a 
tilt error signal showing the sub-beam's focusing 
condition according to the output of the sub-light 
receiving elements, whereby an optical pickup de- 
vice does not require installment of any separate tilt 
sensor for detection of a tilt signal, and also enables 
prevention of increasing the number of components 
and the increase of cost as a result of increased 
assembly steps and/or the required man-hours. 
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